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$EVWUDFW
,QGUXJGLVFRYHU\EXLOGLQJDFRPSUHKHQVLYHSLFWXUHRIWKHELQGLQJHYHQWVEHWZHHQDGUXJDQGLWV
HQ]\PHWDUJHWFDQEHXVHIXOHVSHFLDOO\LQWKHGHYHORSPHQWRIQHZGUXJVRUSUHGLFWLQJWKHHIIHFWRI
DGUXJRQDVLPLODUWDUJHWIURPWKHVDPHSURWHLQIDPLO\,WLVZHOONQRZQWKDWDGUXJ¶VVHOHFWLYLW\LV
LQIOXHQFHGE\LWVLQWHUDFWLRQVZLWKDPLQRDFLGUHVLGXHVZLWKLQWKHDFWLYHVLWHEXWFRQWULEXWLRQVIURP
UHVLGXHVVLWXDWHGDZD\IURP GLVWDOWR WKHDFWLYHVLWHDUHOHVVZHOOXQGHUVWRRG8VLQJDQRYHO
SUHGLFWLYHDSSURDFK3$Q3UHGLFWRUWKDWHPSOR\VVHTXHQFHDOLJQPHQWVZHKDYHSUHYLRXVO\SUHGLFWHG
UHVLGXHSRVLWLRQVLQWKHGLK\GURIRODWHUHGXFWDVH '+)5 IDPLO\WKDWSOD\DUROHLQGUXJVHOHFWLYLW\
,QWHUHVWLQJO\ZKLOHDIHZRIWKHVHSUHGLFWHG UHVLGXHVDUHORFDWHGZLWKLQWKHDFWLYHVLWHDQGDUH
NQRZQGUXJVSHFLILFLW\GHWHUPLQLQJSRVLWLRQVRWKHUUHVLGXHVIDOOVSDWLDOO\LQFOXVWHUVGLVWDOWRWKH
DFWLYHVLWH:HXVHGBacillus stearothermophilus GLK\GURIRODWHUHGXFWDVH Bs '+)5 WRVWXG\WKH
HIIHFWWKDWLQWURGXFLQJ DPLQRDFLGUHSODFHPHQWVDWWKHVHSUHGLFWHGFOXVWHUVKDVRQWKHGUXJ
VHOHFWLYLW\SURILOH0XWDWLRQVZHUHLQWURGXFHGUDQGRPO\LQWRHDFKLQGLYLGXDOFOXVWHUDQGVFUHHQHG
IRUIXQFWLRQDO'+)5HQ]\PHV:HGHWHUPLQHGkFDW DQG.0 YDOXHVIRUWKHPXWDQWHQ]\PHVWKDW
SDVVHGWKHIXQFWLRQDOVFUHHQWRFRQILUPWKDWWKHVHPXWDQWVDUHIXQFWLRQLQJSURSHUO\1H[WZH
GHWHUPLQHG.' YDOXHVRIWKHPXWDQWHQ]\PHVWRWZR FRPPRQ'+)5FRPSHWLWLYHGUXJV
WULPHWKRSULP 703 DQGS\ULPHWKDPLQH 3<5 XVLQJIOXRUHVFHQFHHTXLOLEULXPWLWUDWLRQVWR
LGHQWLI\UHVLGXHVZKHUHSHUWXUEDWLRQVUHVXOWHGLQDOWHUHGGUXJVHOHFWLYLW\SURILOHV7KHVHGDWDZLOO
KHOSXVXQGHUVWDQGWKHHIIHFWWKDWGLVWDOUHVLGXHVKDYHRQGUXJVHOHFWLYLW\DQGLQIRUPXVRQWKH
DELOLW\RIWKHSUHGLFWLYHWRRO3$Q3UHGLFWRUWRVXFFHVVIXOO\LGHQWLI\GUXJVHOHFWLYLW\GHWHUPLQLQJ
UHVLGXHSRVLWLRQVLQWKH'+)5HQ]\PHIDPLO\,IZHILQGWKHDSSURDFKVXFFHVVIXOZHSODQWR
HPSOR\3$Q3UHGLFWRUWRRWKHUSURWHLQIDPLOLHVLQWKHIXWXUH
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,QWURGXFWLRQ
'LK\GURIRODWHUHGXFWDVH '+)5 FDWDO\]HVWKH1$'3+GHSHQGHQWUHGXFWLRQRI
GLK\GURIRODWH '+) LQWRWHWUDK\GURIRODWH 7+) DSUHFXUVRULQWKHV\QWKHVLVRI'1$EDVHV
%HFDXVHLWSOD\VDQLQWHJUDOSDUWLQ'1$V\QWKHVLV'+)5LVWKHWDUJHWRIQXPHURXVLQKLELWRUV
WKDWDUHXVHGWRWUHDWFDQFHUEDFWHULDOLQIHFWLRQVDQGSDUDVLWLFLQIHFWLRQV&RPPRQ'+)5
LQKLELWRUVLQFOXGHPHWKRWUH[DWH 07; WULPHWKRSULP 703 DQGS\ULPHWKDPLQH 3<5 ZKLFK
H[HUWWKHLUHIIHFWE\FRPSHWLQJZLWKWKHVXEVWUDWH'+)LQWKHDFWLYHVLWH7KHSRWHQF\RIWKHVH
FRPSRXQGVYDU\DFURVVWKH'+)5VXSHUIDPLO\IRUH[DPSOH703WHQGVWRELQGEDFWHULDO
'+)5VXFKDVEscherichia coliPRUHWLJKWO\WKDQPDPPDOLDQ'+)5OLNHHomo sapiens:H
UHIHUWRWKHLQQDWHLQKLELWRUELQGLQJDIILQLWLHVIRUDVLQJOH'+)5HQ]\PHDVWKHLQKLELWRU
VSHFLILFLW\SURILOH3UHYLRXVO\RXUODEKDVLGHQWLILHGWKUHHDPLQRDFLGUHVLGXHSRVLWLRQVLQWKH
'+)5VXSHUIDPLO\WKDWZHSUHGLFWWRSOD\DUROHLQGHWHUPLQLQJLQKLELWRUVHOHFWLYLW\7KHVH
UHVLGXHVZHUHIRXQGLQWKHȕ&±VWUDQGGLVWDOWRWKHDFWLYHVLWHVXJJHVWLQJWKH\PD\DFW
DOORVWHULFDOO\RQFDWDO\VLVDQGLQKLELWRUELQGLQJ


Bacillus stearothermophilus Bs LVDPRGHUDWHWKHUPRSKLOLFRUJDQLVPZKRVH'+)5

KDVFDWDO\WLFSURSHUWLHVWKDWOLHEHWZHHQWKHK\SHUWKHUPRSKLOLFThermotoga maritimita Tm 
DQGWKHPHVRSKLOLFEscherichia coli Ec '+)5V0XWDJHQHVLVEDVHGVWXGLHVKDYHEHHQ
SHUIRUPHGRQWKHEc'+)5H[WHQVLYHO\UHYHDOLQJNH\DPLQRDFLGUHVLGXHVLQYROYHGLQ
FDWDO\VLVFRQIRUPDWLRQDOPRWLRQVDQGLQKLELWRUELQGLQJ,QWKHSDVWDJUHDWHPSKDVLVKDV
EHHQSXWRQVWXG\LQJDFWLYHVLWHUHVLGXHVDQGUHVLGXHVWKDWDUHLQYROYHGLQGUDPDWLF
FRQIRUPDWLRQDOPRWLRQVVXFKDVWKH,OHLQWKH0HWORRSDQG*O\LQWKH)*ORRS


+RZHYHUDOORVWHULFVLWHVDQGUHVLGXHVVXFKDVWKRVHGHVFULEHGKHUHKDYHQRWEHHQ

FRQVLGHUHGLQWHUPVRIFDWDO\VLVDQGLQKLELWRUELQGLQJ:HVRXJKWWRGHWHUPLQHWKHLPSDFWRI
VXFKDOORVWHULFUHVLGXHVLQWKHBs'+)5HQ]\PH




7RVWXG\KRZDFWLYHVLWHDQGDOORVWHULFUHVLGXHVDIIHFWBs'+)5FDWDO\VLVDQGLQKLELWRU
VHOHFWLYLW\ZHGHWHUPLQHGWXUQRYHUQXPEHU kFDW 0LFKDHOLVFRQVWDQW .0 DQGWKH
GLVVRFLDWLRQFRQVWDQWV .' RIWZRFRPSHWLWLYH'+)5LQKLELWRUV 703DQG3<5 IRUQLQH
YDULDQWVRIWKHSUHGLFWHGDOORVWHULFFOXVWHU$GGLWLRQDOO\PXWDWLRQVRIWKHDFWLYHVLWHDQG0HW
ORRSZHUHJHQHUDWHGDW$VSDQG$UJUHVSHFWLYHO\WRJDXJHWKHPDJQLWXGHWKDWWKHVHDPLQR
DFLGVXEVWLWXWLRQVKDYHRQFDWDO\VLVLQFRPSDULVRQWRSUHYLRXVEc'+)5VWXGLHV:H
GHWHUPLQHG.'YDOXHVXVLQJLQWULQVLFWU\SWRSKDQIOXRUHVFHQFHDGDSWHGWRDPLFURSODWHUHDGHU
IRUPDW7KHXVHRIWKHWKHUPRSKLOLFBs'+)5LVZHOOVXLWHGIRUWKLVHTXLOLEULXPWLWUDWLRQDVVD\V
DVWKHHQ]\PHUHPDLQVVWDEOHGXULQJORQJLQFXEDWLRQWLPHVDWURRPWHPSHUDWXUHV
7\SLFDOO\WKHHIIHFWVIURPFKDQJLQJDOORVWHULFUHVLGXHVDUHWKRXJKWWRRFFXU
LQGLUHFWO\,QRWKHUZRUGVDOORVWHULFUHVLGXHVPD\QRWLQYROYHGLUHFWLQWHUDFWLRQVZLWKWKH
VXEVWUDWHRULQKLELWRUVLQWKHDFWLYHVLWHEXWFDQLPSDFWFDWDO\VLVRULQKLELWRUVHOHFWLYLW\
JUHDWO\7KHHPHUJLQJILHOGRIDOORVWHULFUHJXODWRUVKDVVXJJHVWHGWKDWDOORVWHULFHIIHFWV
DULVHE\SHUWXUELQJWKHFRQIRUPDWLRQDOHTXLOLEULXPZKHUHWKHHQ]\PHIOXFWXDWHVEHWZHHQ
FRQIRUPDWLRQDOVXEVWDWHVZLWKGLIIHUHQWELQGLQJFKDUDFWHULVWLFV6RPHVWDWHVZKLFK
SURPRWHFDWDO\VLVSXVKWKHHQ]\PHDORQJWKHUHDFWLRQFRRUGLQDWHPHDQZKLOHRWKHUVXEVWDWHV
FRXOGKDYHDKLJKHUDIILQLW\IRURQHLQKLELWRUDQGDUHGXFHGDIILQLW\IRUDQRWKHU$OORVWHULF
HIIHFWRUVDUHWKRXJKWWRFRQWUROWKLVFRQIRUPDWLRQDOVDPSOLQJDQGSHUWXUEDWLRQVLQWKHVHDUHDV
PD\ELDVWKHVXEVWDWHHTXLOLEULXPZKLFKLQWXUQFDQLQIOXHQFHLQKLELWRUELQGLQJDQGVHOHFWLYLW\
$FRPSUHKHQVLYHXQGHUVWDQGLQJRIZKDWUHVLGXHSRVLWLRQVFDQLPSRVHDOORVWHULFHIIHFWVZLWKLQ
DQHQ]\PHVXSHUIDPLO\ZLOOEHXVHIXOUDWLRQDOSURWHLQHQJLQHHULQJHIIRUWV
0DWHULDOVDQG0HWKRGV
Site-directed and randomized mutagenesis of the Bs DHFR gene




6LWHGLUHFWHGDQGUDQGRPL]HGPXWDJHQHVLVZHUHSHUIRUPHGRQWKHBs'+)5JHQHWRREWDLQWKH
UHTXLUHGPXWDWLRQVIRUWKLVVWXG\0XWDJHQLFSULPHUVZHUHFUHDWHGZLWKD¶RYHUKDQJ
LQFRUSRUDWLQJWKHGHVLUHGPXWDWLRQDWOHDVWILYHEDVHVIURPWKH¶HQG2OLJRQXFOHRWLGHVXVHG
IRUPXWDJHQHVLVZHUHREWDLQHGIURP,QWHJUDWHG'1$7HFKQRORJLHV,QFDQGDUHDVIROORZV
+5DQGRP PXWDWLRQV+4+7DQG+9 ¶
*7*$&$$7***&11.*&&$7&*7*$7****&*&$$$$&*¶ IRUZDUG DQG¶
&&&$7&$&*$7**&011*&&&$77*7&$&&&*777$$$$7$&*¶ UHYHUVH +1
¶&$$7***&$$7*&&$7&*7*$7****&*¶ IRUZDUG DQG¶
&*&&&&$7&$&*$7**&$77*&&&$77*¶ UHYHUVH $5DQGRP PXWDWLRQV$,DQG
$5 ¶*7*$&$$7***&&$711.$7&*7*$7****&*&$$$$&*¶ IRUZDUG 
DQG¶&&&$7&$&*$7011$&7*&&&$77*7&$&&&*777$$$$7$&*¶ UHYHUVH 
$<¶***&&$77$&$7&*7*$7****&*&¶ IRUZDUG DQG¶
*&*&&&&$7&$&*$7*7$$7**&&&¶ UHYHUVH ,5DQGRP PXWDWLRQV,5DQG
,1 ¶*7*$&$$7***&&$7*&&11.*7*$7****&*&$$$$&*¶ IRUZDUG 
DQG¶&&&$7&$&011**&$&7*&&&$77*7&$&&&*777$$$$7$&*¶ UHYHUVH 
,$¶*7*$&$$7***&&$7*&&*&&*7*$7****&*&$$$$&*¶ IRUZDUG DQG
¶&*7777*&*&&&&$7&$&**&**&$7**&&&$77*7&$&¶ UHYHUVH )$¶
**&&*$$&7**&7&***&*$&*$7*&&*$77*7&¶ IRUZDUG DQG¶
&$7&*7&*&&&*$*&&$*77&**&&&&*&&*$7*¶ UHYHUVH '1¶
&&77**&$777*&&**&&$$&77**&*7$7777$$$&***7*$&$$7***&&$7*&
&¶ IRUZDUG DQG¶
**&$7**&&&$77*7&$&&&*777$$$$7$&*&&$$*77**&&**&$$$7*&&$$
**¶ UHYHUVH $PELJXRXVEDVHGHILQLWLRQVDUHDVIROORZV1 $7*& . *7 DQG0
&$ 




(DFKPXWDJHQHVLVUHDFWLRQFRQVLVWHGRI0RIIRUZDUGDQG0RIUHYHUVHPXWDJHQLF
SULPHUV±QJ'1$WHPSODWHP0G173VDQG;+) 7KHUPR)LVKHU6FLHQWLILF&DW
)6 EXIIHULQDWRWDOYROXPHRI/3KXVLRQ'1$SRO\PHUDVH 7KHUPR)LVKHU
6FLHQWLILF&DW)6  / ZDVDGGHGWRWKHUHDFWLRQVZKLFKZHUHFDUULHGRXWLQD
WKHUPRF\FOHUXVLQJWKHSURJUDPLQ7DEOHEHORZ)ROORZLQJWKH3&5SURWRFROXQLWVRI
'SQ, )LVKHU6FLHQWLILF&DW)(5(5 ZHUHDGGHGWRHDFKUHDFWLRQDQGZHUHLQFXEDWHGDW
&IRUKRXU;/%OXHFHOOVZHUHWUDQVIRUPHGZLWK/RIWKHGLJHVWHGSURGXFWXVLQJWKH
SURWRFROGHVFULEHGEHORZ'1$SODVPLGVRIVXFFHVVIXOWUDQVIRUPDQWVZHUHLVRODWHGDQG
VHTXHQFHGDWWKH%LRORJ\'HSDUWPHQWRI0RQWFODLU6WDWH8QLYHUVLW\






7DEOH$7KHUPRF\FOHUSURJUDPXVHGIRUVLWHGLUHFWHGPXWDJHQHVLVUHDFWLRQV
6WHS
,QLWLDO'HQDWXUDWLRQ
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7LPH PLQ 
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Single primer reaction in parallel (SPRINP) for randomized mutagenesis reaction
'XHWRWKHQDWXUHRIPXWDJHQLF3&5²LQZKLFKFRPSOHPHQWDU\SULPHUVDUHXVHG²WKHUHLVD
WHQGHQF\IRUSULPHUGLPHUVWRIRUP7KLVFDQKLQGHUWKHHIILFLHQF\RIWKHPXWDJHQHVLVUHDFWLRQ
ZKLFKLVPRUHLPSRUWDQWLQWKHUDQGRPL]HGWKUHHUHVLGXHFOXVWHUUHDFWLRQV7RDOOHYLDWHWKLVD
UHDFWLRQZDVSHUIRUPHGZLWKHDFKSULPHULQSDUDOOHOIROORZHGE\SRROLQJWKHSDUDOOHOUHDFWLRQV
LQWRWKHVDPHWXEHDQGDOORZLQJWKHSURGXFWVWRUHDQQHDO,QWKLVUHDFWLRQ0RIRQH
SULPHU IRUZDUGRUUHYHUVH QJRI'1$P0G173V3KXVLRQ'1$SRO\PHUDVH
7KHUPR)LVKHU6FLHQWLILF&DW)6  / DQG;+) 7KHUPR)LVKHU6FLHQWLILF&DW
)6 EXIIHULQDWRWDOYROXPHRI/3DUDOOHOUHDFWLRQVZHUHUXQLQWKHWKHUPRF\FOHUXVLQJ
WKHSURWRFROLQ7DEOH%2QFHFRPSOHWHGWKHSDUDOOHOUHDFWLRQVZHUHSRROHGGHQDWXUHGDQG
DQQHDOHGXVLQJWKHSURWRFROIRXQGLQ7DEOH$GGLWLRQDOO\'SQ,GLJHVWLRQZDVSHUIRUPHG
XVLQJ8RIHQ]\PHRYHUQLJKWDW&EHIRUHWUDQVIRUPDWLRQVZHUHFRQGXFWHG
7DEOH'HQDWXUDWLRQDQG$QQHDOLQJSURWRFROIRU635,13VDPSOHV
6WHS



7HPSHUDWXUH & 

7LPH PLQ 

















































+ROG


Chemical transformation of XL1 Blue and BL21 strains
8VLQJFKHPLFDOO\FRPSHWHQWFHOOV/RIZLOGW\SHRUPXWDWHGS(7D'+)5SODVPLG
ZDVDGGHGWR/RIWKHFRPSHWHQWFHOOV7KHFHOOVZHUHLQFXEDWHGRQLFHIRUPLQXWHVWKHQ
SODFHGLQWRD&ZDWHUEDWKIRUVHFRQGV7KHFHOOVZHUHSODFHGRQLFHIRUPLQXWHV
EHIRUHDGGLQJP/RIVWHULOH/%EURWKSUHKHDWHGWR&7KHFHOOVZHUHDOORZHGWRUHFRYHU
IRUKRXUDW&ZLWKVKDNLQJRI5307KHPL[WXUH / ZDVVSUHDGRQVWHULOH/%
DJDUSODWHVZLWKJP/RIDPSLFLOOLQDQGLQFXEDWHGRYHUQLJKWDW&
7UDQVIRUPDWLRQVLQYROYLQJWKHUDQGRPL]HGPXWDQWSURGXFWVKDGWKHLUPL[WXUHVVXVSHQGHGLQ
P/RI/%FRQWDLQLQJJP/RIDPSLFLOOLQDQGJURZQRYHUQLJKWDW&DQG530
7KHSODVPLG'1$ZDVSXULILHGXVLQJD4,$*(10LQL3UHSNLWWRREWDLQDSRROHGVDPSOHRIWKH
PXWDWHGSODVPLGV7RFRQILUPDUDQGRPL]HGSRROWKLVVDPSOHZDVVHTXHQFHGDWWKH%LRORJ\
'HSDUWPHQWRI0RQWFODLU6WDWH8QLYHUVLW\E\$GDP3DUNHU
Electrocompetent folA- cell preparation





7KHIRO$VWUDLQ E. coli0+folA::NDQ recA::FP ZDVDNLQGJLIWIURP$OH[+RUVZLOO$
FXOWXUHZDVJURZQLQ/%ZLWKJP/NDQDP\FLQDQGJP/WK\PLGLQHRYHUQLJKWDW
&ZLWKVKDNLQJDW5307KHRYHUQLJKWFXOWXUH P/ ZDVXVHGWRLQRFXODWHDQP/
YROXPHRI/%ZLWKJP/NDQDP\FLQDQGJP/WK\PLGLQHDQGJURZQWRDQ2'QP
RI±7KHFXOWXUHZDVTXLFNO\SODFHGRQLFHIRUKRXUWKHQFHQWULIXJHGDW530
&IRUPLQXWHVXVLQJD%HFNPDQ$YDQWL-;3+LJK6SHHG&HQWULIXJH7KHFHOOSHOOHW
ZDVJHQWO\UHVXVSHQGHGDQGZDVKHGZLWKP/RIDJO\FHUROVROXWLRQWKHQFHQWULIXJHGDW
530&IRUPLQXWHVDQGWKHVXSHUQDWDQWZDVSRXUHGRII:DVKVWHSVZHUHUHSHDWHG
WZRWLPHV$IWHUWKHILQDOZDVKWKHHQWLUHSHOOHWZDVUHVXVSHQGHGLQP/RIJO\FHURO
VROXWLRQDOLTXRWHGDV/DQGVWRUHGDW&
Electroporation of folA- cells
7UDQVIRUPDWLRQVLQYROYLQJWKHIRO$VWUDLQZHUHFRQGXFWHGLQPPHOHFWURSRUDWLRQFXYHWWHV
%LR5DG&DW XVLQJWKHN9HOHFWULFDOVWLPXOXVSURWRFRORID*HQH3XOVHU;FHOO
(OHFWURSRUDWLRQ6\VWHP %LR5DG&DW )RUHDFKUHDFWLRQ/RISXULILHGSODVPLG
'1$ZDVPL[HGZLWK/RIHOHFWURFRPSHWHQWFHOOV7KHPL[WXUHZDVDGGHGWRDPP
HOHFWURSRUDWLRQFXYHWWHDQGD9HOHFWULFDOSXOVHZDVDSSOLHGWRWKHFXYHWWH7KHUHDFWLRQ
ZDVUHFRYHUHGZLWKP/RI/%JP/WK\PLGLQHDQGLQFXEDWHGDW&IRU
KRXUVKDNLQJDW5307KHPL[WXUH / ZDVSODWHGRQWRVHOHFWLYH/%SODWHV
FRQWDLQLQJJP/NDQDP\FLQJP/DPSLFLOOLQDQGJP/WK\PLGLQH2YHUQLJKW
FXOWXUHVZHUHPDGHRIWKHPL[WXUHVIRUFHOOVWKDWZRXOGEHODWHUXVHGLQVHOHFWLRQH[SHULPHQWV
8QOHVVRWKHUZLVHVWDWHGDOOVWHSVZHUHSHUIRUPHGDWURRPWHPSHUDWXUHWRLQFUHDVHWKH
WUDQVIRUPDWLRQHIILFLHQF\





Developing a functional selection method using the folA- strain
7RWHVWRXUIXQFWLRQDOVHOHFWLRQGHVLJQWKHXQWUDQVIRUPHGIRO$IRO$ZLWKZLOGW\SHBs
'+)5DQGIRO$ZLWKBs'+)5PXWDQWVZHUHJURZQRYHUQLJKWLQ/%EURWKZLWKJP/
RIDPSLFLOOLQJP/.DQDP\FLQDQGJP/WK\PLGLQH7KHXQWUDQVIRUPHGIRO$ODFNV
DPSLFLOOLQUHVLVWDQFHVRDPSLFLOOLQZDVQRWDGGHGWRWKLVFXOWXUH7KHFXOWXUHZDVSHOOHWHGDQG
ZDVKHGWKUHHWLPHVLQ;PLQLPDOPHGLD$ J/ 1+ 62J/.+32J/
.+32DQGJ/VRGLXPFLWUDWHZLWKDGGLWLRQVRIJOXFRVHP0DUJLQLQHDQG
P00J62 7KHVDPSOHVZHUHSODWHGRQWRWZRHQYLURQPHQWV00$ZLWK0RI
LVRSURS\Oȕ'WKLRJDODFWRVH ,37* JP/NDQDP\FLQDQGJP/WK\PLGLQHDQG00$
ZLWKJP/NDQDP\FLQDQGJP/WK\PLGLQH3DUDOOHOSODWHVZHUHLQFXEDWHGDW&RU
URRPWHPSHUDWXUHIRUILYHGD\V

Functional Selection of Randomized Libraries
2YHUQLJKWFXOWXUHVRIIRO$WUDQVIRUPDWLRQUHFRYHULHVZHUHZDVKHGZLWKP/;00$
VROXWLRQWKUHHWLPHVDQGVXVSHQGHGLQP/RI;00$VROXWLRQ7KHFHOOFRXQWZDV
DSSUR[LPDWHGXVLQJWKHFRQYHUVLRQRIDQ2'RIWRLQGLFDWHFHOOVP/$VGHVFULEHG
SUHYLRXVO\[±FHOOVZHUHSODWHGRQWRVHOHFWLYH00$SODWHV JP/NDQDP\FLQ
DQGJP/WK\PLGLQH ZLWKDQGZLWKRXWJP/DPSLFLOOLQSUHVHQW7KHSODWHVZHUH
OHIWWRLQFXEDWHDWURRPWHPSHUDWXUHRU&IRUILYHGD\V2QO\FRORQLHVWKDWHPHUJHGDWGD\
WZRRILQFXEDWLRQZHUHDVVXPHGWRH[SUHVVIXQFWLRQDO'+)5ZKHUHDVFRORQLHVWKDWHPHUJHG
DIWHUGD\IRXUZHUHQRW

Expression and purification of Bs DHFR proteins





&ORQHGZLOGW\SHDQGPXWDQWBs'+)5JHQHVZHUHH[SUHVVHGLQ%/FHOOVXQGHUWKH
LQGXFLEOH7SURPRWRU6WDUWHUFXOWXUHVIRUHDFKSURWHLQWREHH[SUHVVHGLQFOXGHGP//%
ZLWKJP/$PSLFLOOLQDQGZHUHJURZQWRVDWXUDWLRQRYHUQLJKWDW&DQG530
VKDNLQJ7KHIROORZLQJGD\IUHVK/% ±P/ ZDVLQRFXODWHGZLWKDVDWXUDWHG
RYHUQLJKWFXOWXUHYROXPHDQGJURZQWRDQ2'RI±DW&DQG530
([SUHVVLRQZDVLQGXFHGZLWKP0,37*IROORZHGE\DQRYHUQLJKWLQFXEDWLRQDW&DQG
530&HOOVZHUHSHOOHWHGDQGUHVXVSHQGHGLQ%3HU3URWHLQ([WUDFWLRQ6ROXWLRQ 7KHUPR
)LVKHU6FLHQWLILF&DW DWDUDWLRRIP/UHDJHQWIRUHYHU\JRIZHWFHOOSHOOHWDQG
LQFXEDWHGDWURRPWHPSHUDWXUHIRUPLQXWHV7KHFHOOO\VDWHZDVFHQWULIXJHGDW[JIRU
PLQXWHV3URWHLQSXULILFDWLRQZDVGRQHLQRQHVWHSZLWKD636HSKDURVH)DVW)ORZFDWLRQ
H[FKDQJHFROXPQ )LVKHU6FLHQWLILF&DW XVLQJP0+HSHVP0'77DWS+
WRZDVKDQGP0+HSHVP0'77DQG01D&OWRHOXWHWKHSURWHLQIURPWKH
FROXPQ(Q]\PHFRQFHQWUDWLRQVZHUHVSHFWURVFRSLFDOO\GHWHUPLQHGDWQPXVLQJWKHPRODU
H[WLQFWLRQFRHIILFLHQW0FP3XULW\ZDVGHWHUPLQHGE\6'63$*(DQDO\VLV

Michaelis Menten Kinetics
'+)5UHDFWLRQUDWHVZHUHREWDLQHGE\WUDFNLQJWKHGLVDSSHDUDQFHRI'+)DQG1$'3+
FRIDFWRUWKURXJKDGHFUHDVHLQDEVRUEDQFHDWQP6DWXUDWLQJ'+)DQG1$'3+ ȝ0 
ZHUHXVHGLQ+(3(6EXIIHU P0+(3(6P0'77S+ DQGWKHUHDFWLRQZDV
LQLWLDWHGZLWK±ȝ0RIWKHHQ]\PH7KHVORSHRIWKHJUDSKV DEVRUEDQFHDWQPV 
ZHUHFRQYHUWHGWRYHORFLWLHV P0V XVLQJWKHPRODUH[WLQFWLRQFRHIILFLHQW P0FP 
DQGDFP7KHSDWKOHQJWKRIFPZDVGHWHUPLQHGXVLQJWKH6\QHUJ\+SDWKOHQJWK
GHWHUPLQDWLRQVRIWZDUHZKLFKPHDVXUHVWKHDEVRUEDQFHRIZDWHUPROHFXOHVDWQPDQG




QPLQWKHȝ/UHDFWLRQPL[WXUH7KHZLOGW\SHHQ]\PHZDVXVHGDVDSRVLWLYHFRQWURODW
Q0IRUHYHU\PXWDQWHQ]\PHH[SHULPHQW
.0YDOXHVZHUHGHWHUPLQHGXQGHUVLPLODUFRQGLWLRQVDVDERYHKRZHYHUHQ]\PH
FRQFHQWUDWLRQUDQJHGEHWZHHQQ0DQG'+)FRQFHQWUDWLRQVUDQJHGIURPQ0WR
0,QWKLVLQVWDQFHWKHUHDFWLRQZDVPRQLWRUHGXVLQJWKHWHWUD]ROLXPG\H 
GLPHWK\OWKLD]RO\O  FDUER[\PHWKR[\SKHQ\O  VXOIRSKHQ\O HWHWUD]ROLXP 076 
)LVKHU6FLHQWLILF&DW1& 5HGXFWLRQRIWKH076UHDJHQWE\7+)SURGXFHVD
IRUPD]DQSURGXFWWKDWKDVDJUHDWHUPRODUH[WLQFWLRQFRHIILFLHQWDWQPWKDQWKDWRI
FRPELQHG1$'3+DQG'+)H[WLQFWLRQFRHIILFLHQWPDNLQJWKHDVVD\PRUHVHQVLWLYHLQWKHORZ
'+)FRQFHQWUDWLRQUDQJH)RUHDFKH[SHULPHQWDQHJDWLYHFRQWUROFRQWDLQLQJHQ]\PH
1$'3+DQG076ZDVPRQLWRUHGDQGWKHVLJQDOVXEWUDFWHGIURPDOORWKHUUHDFWLRQVFRQWDLQLQJ
'+)7KH.0ZDVGHWHUPLQHGE\SORWWLQJWKHYHORFLWLHVDJDLQVW'+)FRQFHQWUDWLRQDQG
ILWWLQJWRWKH0LFKDHOLV0HQWHQHTXDWLRQLQ.DOHLGDK*UDSK

Determining KD by Fluorescent Equilibrium Titration
Bs'+)5HQ]\PHV Q0 ZHUHPL[HGZLWK01$'3+DQGWULPHWKRSULPRU
S\ULPHWKDPLQHDWFRQFHQWUDWLRQVUDQJLQJIURPQ0WRQ0LQP0+(3(6EXIIHU
ZLWKP0'77DWS+7KHHQ]\PHFRIDFWRUVROXWLRQZDVLQFXEDWHGZLWKWKHLQKLELWRUDW
URRPWHPSHUDWXUHIRUPLQXWHVWRDOORZDGHTXDWHWLPHIRUDQHTXLOLEULXPWREHUHDFKHG
'DWDZDVFROOHFWHGXVLQJD6\QHUJ\+PLFURSODWHUHDGHULQIOXRUHVFHQFHPRGHXVLQJD;HQRQ
IODVKOLJKWVRXUFHIURPWKHWRSIDFHRIWKHPLFURWLWHUSODWH7KHWHPSHUDWXUHZDVVHWWR&
EHIRUHWDNLQJPHDVXUHPHQWVE\H[FLWLQJDWQPDQGFROOHFWLQJQPHPLVVLRQWKHQ
H[FLWLQJDWQPDQGFROOHFWLQJDWQP7KHUHDGKHLJKWZDVPPDQGJDLQZDVIRU




QPHPLVVLRQDQGIRUWKHQPHPLVVLRQ)OXRUHVFHQFHHPLVVLRQLQWHQVLW\DWQP
RUQPZDVJUDSKHGDJDLQVWWKHFRUUHVSRQGLQJLQKLELWRUFRQFHQWUDWLRQXVLQJ0LFURVRIW
([FHO6LJQDODYHUDJLQJRIWKHIOXRUHVFHQFHHPLVVLRQLQWHQVLW\ZDVSHUIRUPHGZLWKWKUHHWULDOV
WKDW\LHOGHGDQDYHUDJHGJUDSKZKLFKFRQVWLWXWHGRQHWULDO$QLQQHUILOWHUFRUUHFWLRQZDV
DSSOLHGWRDFFRXQWIRUDQ\HIIHFWWKHWLWUDWLQJLQKLELWRUKDVRQIOXRUHVFHQFHVLJQDO.'YDOXHV
ZHUHFDOFXODWHGIURPWKHGDWDE\XVLQJDPRGLILHG0RUULVRQHTXDWLRQ (TXDWLRQ WRILWDQ
LQFUHDVHLQIOXRUHVFHQWLQWHQVLW\ZLWKWLWUDWLQJLQKLELWRU7KH.'YDOXHLVDUHVXOWRIDWOHDVW
WKUHHUHSOLFDWHPHDVXUHPHQWV

ሺሾாሿାሾሿାವ ሻିඥሺሾாሿାሾሿାವ ሻమ ିସሾாሿሾሿ

 ܨൌ  ሺܨ௫ െ ܨ ሻ  כ൬

ଶሾாሿ

൰  ܨ  



(TXDWLRQ


5ROHRI$VSDQG$UJLQBs'+)5FDWDO\VLV
$VSLQE. coli Ec '+)5KDVEHHQIRXQGWRSOD\DFULWLFDOUROHLQSURWRQDWLRQRI
'+)LQFDWDO\VLVWKH$VS$VQPXWDWLRQUHVXOWHGLQDIROGGHFUHDVHLQWKHkFDW
%HFDXVH$VSLQE. coli '+)5DOLJQVZLWK$VSLQBs '+)5 )LJXUH ZHUHSODFHG$VS
RIBs'+)5E\$VQ WRLQYHVWLJDWHZKHWKHU$VSDOVRSOD\VDUROHLQFDWDO\VLVLQBs'+)5
7KH'1PXWDWLRQUHVXOWHGLQDIROGGHFUHDVHLQBs'+)5kFDWZKLFKZDVIRXQGWREH
6(VXJJHVWLQJWKDW$VSSHUIRUPVDVLPLODUUROHLQBs and Ec '+)5V 7DEOH
 7KLVILQGLQJLVQRWVXUSULVLQJEHFDXVHPDQ\'+)5VVKRZFRQVHUYDWLRQRIDQHJDWLYHO\
FKDUJHGUHVLGXHDWWKLVDOLJQPHQWSRVLWLRQDQGWKHDFWLYHVLWHDVSDUWLFDFLGLVWKHRQO\LRQL]DEOH
UHVLGXHZLWKLQWKHDFWLYHVLWHRIERWKWKHBs DQGEc '+)5V )LJXUH ;UD\FU\VWDOORJUDSK\
VWUXFWXUHVRIEc '+)5 3'%FRGH')5 KDYHVKRZQWKDW$VSFDQIRUPK\GURJHQERQGV




ZLWKWKHSWHULQULQJRIIRODWHDQGZDWHUPROHFXOHVDQGWKHVHREVHUYDWLRQVWRWKHVXJJHVWLRQWKDW
$VSVHUYHVWRGRQDWHDSURWRQGXULQJFDWDO\VLV6LQFH$VSLVORFDWHGPRUHWKDQc
DZD\IURPWKH1DWRPRI'+)WKDWLVSURWRQDWHGGXULQJFDWDO\VLVRWKHUVKDYHSURSRVHGWKDW
$VSKHOSVWRRULHQWWKHVXEVWUDWHZKLOHWKHVROYHQWDFWVDVDSURWRQGRQRU:DQHWDO
VXJJHVWHGWKDWWKHQHJDWLYHO\FKDUJHG$VSIDFLOLWDWHVVROYHQWPHGLDWHGSURWRQDWLRQRI'+)
E\LQFUHDVLQJWKHS.DRIWKHDFWLYHVLWHHQYLURQPHQWDQGWKH1DWRPRI'+)IURPWR
DOORZLQJWKH1DWRPWREHFRPHSURWRQDWHGPRUHHDVLO\5HSODFLQJ$VSE\$VQUHPRYHG
WKHQHJDWLYHFKDUJHOLNHO\UHVXOWLQJLQDORZHUDFWLYHVLWHS.DDQGWKXVFRQWULEXWLQJWRWKH
REVHUYHGUHGXFWLRQLQFDWDO\WLFDFWLYLW\
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Ba c illus sterothermop h ilus

Escherichia coli
Lactobacilllus casei
Streptococcus pneumo niae
Staphylo c o ccus aureus
Shewanella oneidensis

Mycoba c terium tuberc ulo sis

Pneumocystis jirovecii
.Plasmodium t'alciparum
Drosophila melanogaster
Mus musculus
sapiens

Homo
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--------------------------MISHI VAMDENRVIGKDNRLPWH- LPADLAYFKR
--------------------------MISLIAALAVDRVIGMENAMPWN-LPADLAWFKR
--------------------------MrAFLWAQDRDGLIGKDGHLPWH-LPDDLHYFRA
-----------------------MrKKIVAIWAQDEEGVIGKENRLPWH- LPAELQHFKE
-------------------------MrLSILVAHDLQRVIGFENQLPWH- LPNDLKHVKK
-------------------------MRIAMIAAMANNRVIGKDNRMPWH- LPEDLRHFKA
------------------------MTMVGLIWAQATSGVIGRGGDIPWR-LPEDQAHFRE
---------------------MGWQKSLTLIVALTLSRGIGLKNDLPWK-LKSDMMFFSR
MMEQVCDVFDIYAICACCKVESKNEGKKNEVFNNYrFRGLGNKGVLPWKCNSLDMKYFRA
------------------------MLRFNLIVAVCENFGIGIRGDLPWR-IKSELKYFSR
-----------------------MVRPLNCIVAVSQNMGIGKNGDLPWPPLRNEFKYFQR
-----------------------MVGSLNCIVAVSQN11GIGKNGDLPWPPLRNEFRYFQR
:*

.

: **




)LJXUH&/867$/2PHJDDOLJQPHQWEHWZHHQBacillus stearothermophilus Bs 
Escherichia coli Ec Lactobacilllus casei Lc Streptococcus pneumoniae Sp 
Staphylococcus aureus Sa Shewanella oneidensis So  Mycobacterium tuberculosis Mt 
Pneumocystis jirovecii Pj  Plasmodium falciparum Pf Drosophila melanogaster Dm Mus
musculus Mm DQGHomo sapiens Hs '+)5V5HVLGXHVDQG BsQXPEHULQJ DUH
LQGLFDWHGLQEROGIRQW
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7DEOH7XUQRYHUQXPEHU kFDW IRUWKHZLOGW\SH5'DQG'1%V'+)5SURWHLQV6ORSHV
RIDEVRUEDQFHDWQPYVWLPH V ZHUHFRQYHUWHGWRYHORFLWLHVXVLQJWKHH[WLQFWLRQ
FRHIILFLHQWP0VDQGDFPSDWKOHQJWK9DOXHVUHSUHVHQWDYHUDJHVRIWKUHH
UHSOLFDWHPHDVXUHPHQWVDQGDUHSUHVHQWHGZLWKVWDQGDUGHUURU



 


:LOG7\SH
5'
'1

 



kFDW V 

kFDW ZLOGW\SH 
kFDW PXWDQW 
















7KH0HWORRSLVDKLJKO\PRELOHUHJLRQRIEDFWHULDO'+)5HQ]\PHVWKDWKDVEHHQ

UHSRUWHGWREHLQYROYHGLQOLJDQGELQGLQJDQGFDWDO\VLV7KHEc'+)50HWORRS UHVLGXHV
± KDVEHHQH[WHQVLYHO\VWXGLHGDQGFULWLFDOUHVLGXHVWKDWVWDELOL]HWKHPDMRUFRQIRUPHUVLQ
FDWDO\VLV WKHRSHQFORVHGDQGRFFOXGHGFRQIRUPDWLRQV KDYHEHHQLGHQWLILHGLQWKLVORRS
,QE. coli'+)5WKH0HWORRSDGRSWVGLIIHUHQWFRQIRUPDWLRQVLQUHVSRQVHRUSUHSDUDWLRQIRU
1$'3+DQG'+)ELQGLQJ RSHQ RULHQWLQJWKHWZRPROHFXOHVIRUFDWDO\VLV FORVHG DQGIRU
7+)UHOHDVH RFFOXGHG ,WKDVEHHQVXJJHVWHGWKDWPRYHPHQWRIWKH0HWORRSLVDOLPLWLQJ
VWHSLQFDWDO\VLVIRUEDFWHULDOEXWQRWYHUWHEUDWH'+)5RZLQJWRDODFNRIDSRO\SUROLQHUHJLRQ
IRXQGLPPHGLDWHO\IROORZLQJWKH0HWORRSUHVLGXHVLQYHUWHEUDWHV7RLQYHVWLJDWHWKH
LPSDFWRIWKH0HWORRSRQFDWDO\VLVLQBs'+)5ZHUHSODFHG$UJLQBs '+)5E\$VS
7KLVDPLQRDFLGUHSODFHPHQWUHVXOWVLQFKDUJHUHYHUVDODQG$VSLVIRXQGDWWKHFRUUHVSRQGLQJ
DOLJQHGSRVLWLRQLQWKHHs Mm MtDQG Dm '+)5V )LJXUH 7DEOHVKRZVWKDWWKHkFDWIRU





5'LVVLQGLFDWLQJDIROGGHFUHDVHLQFDWDO\WLFDFWLYLW\FRPSDUHGWRWKH
kFDWRIWKHZLOGW\SHHQ]\PH V 
+\GURJHQGHXWHULXPH[FKDQJHH[SHULPHQWVKDYHDVFULEHGPRWLRQVRIWKHBs'+)5
0HWORRSWRDSUHRUJDQL]DWLRQWHUPLQFDOFXODWLRQVRIWKHK\GULGHWUDQVIHUPHFKDQLVP
3UHRUJDQL]DWLRQLQ'+)5LVWKRXJKWWRUHODWHWRDVDPSOLQJRIFRQIRUPDWLRQDOVXEVWDWHVRI
ZKLFKIHZVWDWHVDUHDFFHSWDEOHIRUWKHK\GULGHWUDQVIHUDQGHQ]\PHIOH[LELOLW\ZKLFK
SURPRWHVFRQIRUPDWLRQDOIOXFWXDWLRQV,WVWDQGVWRUHDVRQWKDWSHUWXUELQJWKHHTXLOLEULXPRI
WKHVHVXEVWDWHVFRXOGLPSDFWK\GULGHWUDQVIHUDQGXOWLPDWHO\FDWDO\VLVE\OLPLWLQJWKH
SUHSRQGHUDQFHRIFDWDO\WLFVXEVWDWHV,QFRQIRUPDWLRQDOVWDWHVDPSOLQJPDQ\DWRPVFDQPRYH
DQGFDXVHWKHEUHDNLQJDQGIRUPLQJRIQHZQRQFRYDOHQWLQWHUDFWLRQVWKDWZRXOGFRQWULEXWHWR
DQHQWKDOSLFEDUULHUEHWZHHQWZRVWDWHV7KHBs'+)5 3'%='5 $UJUHVLGXH
VSDWLDOO\RYHUODSVZLWKWKH$VSUHVLGXHLQHs'+)5 3'%:$ DQGWKH$ODUHVLGXH
RIEc '+)5 3'%5+ LQWKHFORVHGFRQIRUPDWLRQ )LJXUH ,QWKHBsEcDQGHs
'+)5VWUXFWXUHVWKHUHVLGXHDWWKLVDOLJQPHQWSRVLWLRQSRLQWVRXWZDUGWRZDUGWKHVROYHQW7KH
Ec'+)5DQG+V'+)5VWUXFWXUHVZLWK1$'3ERXQGGRQRWVKRZDQ\LQWHUDFWLRQVEHWZHHQ
WKHVLGHFKDLQRIWKLVUHVLGXHDQG1$'3 )LJXUH :LWKRXWREYLRXVQRQFRYDOHQWLQWHUDFWLRQV
LQYROYLQJUHVLGXHVDOLJQHGWRUHVLGXHLQBs '+)5FRIDFWRUELQGLQJLVXQOLNHO\WREHWKH
FDXVHIRUUHGXFHGDFWLYLW\LQWKH5'PXWDQW5DWKHUWKLVPXWDWLRQPD\KDYHLPSDFWHG
FRQIRUPDWLRQDOVDPSOLQJE\UHGXFLQJ0HWORRSIOH[LELOLW\ZKLFKGLVWRUWVWKHSRSXODWLRQRI
FRQIRUPDWLRQDOVXEVWDWHVDQGXOWLPDWHO\UHGXFHVDFWLYLW\








)LJXUH&DUWRRQUHSUHVHQWDWLRQRIWKHBs'+)5 WDQSGE='5 Hs'+)5 GDUNJUH\
SGE:$ DQGWKHEc'+)5ZLWKWKH0HWORRSWKHFORVHG OLJKWJUH\SGE5+ 
FRQIRUPDWLRQ $ /DEHOVDFFRPSDQ\DOLJQHGUHVLGXHVZLWKWKHLUQDWLYHQXPEHULQJ1$'3LV
VKRZQDQGODEHOHGIURPWKHERWKWKHHs GDUNJUH\ DQGEc OLJKWJUH\ VWUXFWXUHV % $QRWKHU
YLHZWKDWVKRZVDOOUHVLGXHVSRLQWLQJWRZDUGVWKHVROYHQWLQFU\VWDOVWUXFWXUHV%RWKILJXUHV
ZHUHPDGHLQ&KLPHUD YHUVLRQ XVLQJWKH0DWFK0DNHUWRRO

'+)5PHGLDWHGIXQFWLRQDOVHOHFWLRQ


:KHQPXWDWLRQVDUHUDQGRPO\LQWURGXFHGLQWRDQHQ]\PHVRPHDPLQRDFLG

UHSODFHPHQWVFDQUHVXOWLQLQDFWLYHHQ]\PHVGXHWRWKHSUHVHQFHRISUHPDWXUHVWRSFRGRQVRU
DPLQRDFLGVXEVWLWXWLRQVWKDWFDXVHLPSURSHUSURWHLQIROGLQJ:KLOHLQDFWLYHPXWDQWVFDQ
SURYLGHXVHIXOLQIRUPDWLRQRQUHVLGXHVWKDWSOD\DUROHLQIROGLQJRUFDWDO\VLVWKH\DUHQRW




XVHIXOZKHQH[DPLQLQJWKHLUHIIHFWVRQDOORVWHULFUHJXODWLRQRULQKLELWRUVHOHFWLYLW\7KLVLV
PRVWO\EHFDXVHLWLVQRWSRVVLEOHWRGHWHUPLQHLQKLELWLRQFRQVWDQWVIRUDQLQDFWLYHHQ]\PHDQG
FRPSDUHWKHVHWRZLOGW\SHYDOXHV6DUDIHWDOGHYHORSHGDIXQFWLRQDOVHOHFWLRQSURWRFROWKDW
XWLOL]HVDQE. coliVWUDLQ 0+ ODFNLQJWKHIRO$ '+)5 JHQHWKDWFDQQRWVXUYLYHRQ
PLQLPDOPHGLD+RZHYHUWKHJURZWKRIWKLVVWUDLQRQPLQLPXPPHGLDFDQEHUHVFXHGE\WKH
FRH[SUHVVLRQRIDSODVPLGHQFRGLQJDIXQFWLRQDO'+)5:HXVHGWKHE. coliVWUDLQ
0+ DNLQGJLIWIURP$OH[+RUVZLOODQGSODVPLGEDVHGFRH[SUHVVLRQRIHLWKHUZLOGW\SH
RUPXWDWHGBs'+)5VWRVFUHHQIRUIXQFWLRQDODFWLYLW\
$VUHSRUWHGLQWKHOLWHUDWXUHZHKDYHIRXQGWKDWIRXQGWKDWDQH[RJHQRXVO\LQWURGXFHG
JHQHHQFRGLQJ'+)5FDQFDXVHDQLQFUHDVHGJURZWKUDWHRIWKH0+VWUDLQLQPLQLPDO
PHGLDWKDWLVVXSSOHPHQWHGZLWKWK\PLGLQH VXSSOHPHQWDOILJXUH 7KLVILQGLQJVXJJHVWV
WKDW0+FHOOVZKHQH[SUHVVLQJIXQFWLRQDO'+)5ZRXOGJURZIDVWHUWKDQQRQIXQFWLRQDO
'+)5H[SUHVVLQJYDULDQWVZKHQSODWHGRQWRDPLQLPDOPHGLDVRXUFHVXSSOHPHQWHGZLWK
WK\PLGLQH)LJXUHGHSLFWVWKHJURZWKSDWWHUQVRIWKH0+VWUDLQZLWKDQGZLWKRXWZLOG
W\SHDQGPXWDWHGBs'+)5H[SUHVVLRQRYHUWKHFRXUVHRIDIRXUGD\LQFXEDWLRQDW&RQ
PLQLPDOPHGLD$SODWHVVXSSOHPHQWHGZLWK0RILVRSURS\Oȕ'WKLRJDODFWRVH ,37* 
JP/NDQDP\FLQDQGJP/WK\PLGLQH:HREVHUYHGYLJRURXVFHOOJURZWKIRUDOOBs
'+)5H[SUHVVLQJFHOOVZLWKLQ±GD\VIROORZLQJSODWLQJ7KH0+FHOOVWKDWFRPSOHWHO\
ODFNHG'+)5DFWLYLW\DQGWKXVKDYHDVORZHUJURZWKUDWHVWLOOVKRZHGJURZWKDIWHUIRXUGD\V
RILQFXEDWLRQ,QWHUHVWLQJO\WKHSUHYLRXVO\GLVFXVVHGPXWDWLRQV5'DQG'1H[KLELWWKH
VDPHJURZWKSDWWHUQDVWKHZLOGW\SHDQGRWKHUYDULDQWVGHVSLWHWKHWZR ±IROG DQGQHDUO\
WKUHHRUGHUV ±IROG RIPDJQLWXGHUHGXFWLRQLQ'+)5DFWLYLW\7KLVILQGLQJLVLQOLQHZLWK
DUHSRUWE\5H\QROGVHWDOZKRKDYHREVHUYHGWKHVDPHSKHQRPHQRQZKHQXVLQJD'1
YDULDQWRIEc'+)5LQWKHVDPHSODWHEDVHGUHVFXHDVVD\7KHVHUHVXOWVVXJJHVWWKDWRQO\




PLQLPDO'+)5DFWLYLW\LVQHHGHGWRFDXVHDQDSSUHFLDEOHLQFUHDVHLQJURZWKUDWHZKHQ
FRPSDUHGWRWKH0+VWUDLQ7KHDSSHDUDQFHRIWKHFHOOVFRQWDLQLQJBs'+)5YDULDQWV
+1+4+7+9$,$5$<,1,5,6)$DQG.9 RQ
PLQLPDOPHGLD$LQWKHVDPHWLPHIUDPHDVFHOOVH[SUHVVLQJZLOGW\SH%V'+)5LQGLFDWHWKDW
WKHVHPXWDWLRQVGLGQRWUHQGHUWKHHQ]\PHQRQIXQFWLRQDODQGFDQWKXVEHXVHIXOLQRXUVWXG\
RIOLJDQGVHOHFWLYLW\GHWHUPLQLQJUHVLGXHV )LJXUH 


Day 1

Day 2

Day 3

Day4


)LJXUH'DLO\REVHUYDWLRQVRIIXQFWLRQDOVHOHFWLRQSHUIRUPHGRQ00$SODWHVVXSSOHPHQWHG
ZLWK0RILVRSURS\Oȕ'WKLRJDODFWRVH ,37* JP/NDQDP\FLQDQGJP/
WK\PLGLQHDQGLQFXEDWHGDW&2YHUQLJKWFXOWXUHVRIHDFKYDULDQWZHUHZDVKHGZLWK;
00$EHIRUH±FHOOVZHUHSODWHGDVVXPLQJDQ2'QPRILVHTXDOWRFHOOV
&RORQLHVZLWKH[RJHQRXV'+)5ZRXOGDSSHDUZLWKLQ±GD\VRILQFXEDWLRQZKLOHWKHIRO$
FHOOVZRXOGUHTXLUHIRXUGD\VWRDSSHDU






5ROHRIWKUHHDOORVWHULFUHVLGXHVRQSURWHLQOLJDQGVHOHFWLYLW\


$OORVWHULFUHVLGXHVORFDWHGDZD\IURPDQHQ]\PH¶VDFWLYHVLWHFDQSOD\DUROHLQOLJDQG

ELQGLQJDQGFDWDO\VLV+HUHZHIRFXVRQWKHWKUHHDPLQRDFLGSRVLWLRQV DQG 
ZKLFKZHFDOODOORVWHULFFOXVWHULQBs'+)5WKDWFOXVWHULQWKHȕ&±VWUDQGIRXQGDERYHWKH
DFWLYHVLWH )LJXUH$ 2\H\HPLDQGFROOHDJXHVIRXQGWKDWWKHȕ&±VWUDQGLQBs'+)5ZDV
PRUHIOH[LEOHWKDQWKHEc'+)5FRXQWHUSDUWYLDK\GURJHQGHXWHULXPH[FKDQJHDQGVXJJHVWHG
WKDWWKLVUHJLRQSOD\VDUROHLQWKHSUHRUJDQL]DWLRQDOVDPSOLQJRIFRQIRUPDWLRQVIRUBs'+)5
&RQIRUPDWLRQDOVXEVWDWHVDPSOLQJKDVEHHQLPSOLFDWHGLQFDWDO\VLVDQGLQKLELWRUELQGLQJIRUWKH
'+)5HQ]\PHSUHYLRXVO\ZKLFKZRXOGVXJJHVWWKDWWKHVHUHVLGXHVLQWKHȕ&±VWUDQGPLJKW
SOD\DVLPLODUUROH7KHVHWKUHHDPLQRDFLGSRVLWLRQVZHUHDOVRSUHGLFWHGDSOD\UROHLQ
SURWHLQOLJDQGVHOHFWLYLW\LQWKH'+)5IDPLO\7KHSUHGLFWLRQZDVIDPLO\ZLGHDQGXVHVHs
'+)5QXPEHULQJDVGRPDQ\RWKHUSDSHUVLQWKH'+)5OLWHUDWXUH)RUWKLVUHDVRQ)LJXUH
VKRZVWKHBs'+)5UHVLGXHVLQDOORVWHULFFOXVWHUVXSHULPSRVHGZLWKWKHUHVLGXHVLQWKHVDPH
DOLJQPHQWSRVLWLRQVDVWKHKXPDQ'+)5VHTXHQFH%\SURWHLQOLJDQGVHOHFWLYLW\ZHKHUHPHDQ
DSURWHLQRUYDULDQW¶VOLJDQGDIILQLW\SURILOHIRUH[DPSOHHs '+)5ELQGVWRPHWKRWUH[DWHZLWK
JUHDWHUDIILQLW\WKDQWR703DQG3<50XWDWLRQVDWDOORVWHULFFOXVWHUZHUHJHQHUDWHGXVLQJD
SRRORIPXWDJHQLFSULPHUVWKDWZHUHUDQGRPL]HGDWWKHFRUUHVSRQGLQJFRGRQSRVLWLRQV7KH
UHVXOWLQJYDULDQWVZHUHVFUHHQHGIRUDFWLYLW\XVLQJWKHIXQFWLRQDOVFUHHQGHVFULEHGLQVHFWLRQ
:HFKRVHPXWDQWVWRXVHIRUIXUWKHUDQDO\VLVIURPDPRQJWKHYDULDQWVZHREWDLQHGIURP
WKHUDQGRPL]HG3&5DQGWKHGLIIHUHQFHVLQVL]HDQGVLGHFKDLQFKDUDFWHULVWLFV
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)LJXUH6WUXFWXUDODOLJQPHQWRIHs'+)5 3'%:$ DQGBs '+)5 3'%='5 
RXWOLQHGLQJUH\$OLJQHGUHVLGXHVLGHFKDLQVRIDOORVWHULFFOXVWHUDUHVKRZQIRUHs'+)5LQ
GDUNJUH\DQGWKHBs '+)5LQEODFN3DQHO $ VKRZVDKLVWLGLQHDWSRVLWLRQRIBs'+)5
DOLJQHGZLWKWKHDVSDUDJLQHDWSRVLWLRQLQWKHHs'+)53DQHO % VKRZVDQDODQLQHDW
SRVLWLRQRIBs'+)5DOLJQHGZLWKWKHDVSDUDJLQHDWSRVLWLRQLQWKHHs'+)53DQHO & 
VKRZVDQLVROHXFLQHDWSRVLWLRQRIBs'+)5DOLJQHGZLWKWKHDVSDUDJLQHDWSRVLWLRQLQ
WKHHs'+)55HVLGXHVDUHODEHOHGDFFRUGLQJWRWKHLUUHVSHFWLYHHsRUBsQXPEHULQJ7KLV
ILJXUHZDVPDGHXVLQJWKH0DWFK0DNHUWRRORI&KLPHUD6RIWZDUH YHUVLRQ 

6WHDG\VWDWHNLQHWLFV
7KHWXUQRYHUQXPEHU kFDW DQG0LFKDHOLVFRQVWDQW.0ZHUHGHWHUPLQHGIRUHDFKPXWDQWDQG
FRPSDUHGWRWKHZLOGW\SHYDOXH 7DEOH $OOBs '+)5YDULDQWVKDGPHDVXUDEOHkFDWYDOXHV
WKHODUJHVWFKDQJHLQFDWDO\WLFDFWLYLW\ZDVREVHUYHGIRUWKH,5PXWDWLRQZKLFKKDGDIROG
UHGXFWLRQLQDFWLYLW\ ZLOGW\SH'+)5kFDW ,5'+)5kFDW  7KHRWKHU
DOORVWHULFFOXVWHUYDULDQWV +4+9+7$,$5$<,$DQG,1 ZHUH
IRXQGWRKDYHDOHVVWKDQWZRIROGFKDQJHLQFDWDO\WLFDFWLYLW\7KH.0YDOXHVZHUHGHWHUPLQHG
XVLQJWKHUHGR[VHQVLWLYHUHDJHQW GLPHWK\OWKLD]RO\O  FDUER[\PHWKR[\SKHQ\O 
VXOIRSKHQ\O HWHWUD]ROLXP 076 WRWUDFNWKHSURGXFWLRQRI7+)E\UHGXFWLRQRIWKH




WHWUD]ROLXPULQJLQWRIRUPD]DQSURGXFWZKLFKFDXVHVDQLQFUHDVHLQDEVRUEDQFHDWQP
%\WKLVPHWKRGZHGHWHUPLQHGWKH.0RIWKHZLOGW\SHBs'+)5WREH6'0
ZKLFKLVVLPLODUWRWKHYDOXHGHWHUPLQHGE\*XRHWDORI01HDUO\DOORIWKH.0
YDOXHVIRUWKHDOORVWHULFPXWDQWVZHUHVLPLODUWRWKHZLOGW\SHBs '+)5 6'0 
H[FHSWIRUWKH,5PXWDWLRQ 6'0 ZKLFKFDXVHGDVLJQLILFDQW t   p 
 LQFUHDVHLQWKH.0 IROG 7KHkFDWRIWKH,5YDULDQW V PD\QRWEHWKH
PD[LPXPYDOXHEHFDXVHWKHKLJK.0 6'0 FRXOGPHDQWKDWRXU³VDWXUDWLQJ´
FRQFHQWUDWLRQRI'+)DW0PD\QRWEHVDWXUDWLQJIRUWKLVYDULDQW:HDUHOLPLWHGWRWKLV
'+)FRQFHQWUDWLRQ 0 EHFDXVHLQFUHDVLQJWKH'+)FRQFHQWUDWLRQZRXOGH[FHHGWKH
OLQHDUUDQJHRIWKHVSHFWURSKRWRPHWHU
7DEOH6WHDG\VWDWHNLQHWLFYDOXHVRIDOORVWHULFFOXVWHUPXWDQWV0LFKDHOLVFRQVWDQW .0 LV
UHSRUWHGLQ0ZKLOHWKHWXUQRYHUQXPEHU kFDW LVUHSRUWHGLQV$OOPHDVXUHPHQWVZHUH
SHUIRUPHGLQWULSOLFDWHDQGVWDQGDUGGHYLDWLRQVDUHVKRZQ 5HSUHVHQWVkFDWIRU,5XVLQJWKH
KLJKHVW'+)FRQFHQWUDWLRQ 0 ZHFRXOGXVHLQWKLVDVVD\ZKLFKPD\QRWEHIXOO\
VDWXUDWLQJJLYHQWKHKLJK.0IRU,5
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7RH[SODLQWKHREVHUYHGLQFUHDVHLQ.0IRUWKH,5Bs'+)5YDULDQWZHUHSODFHGWKH
DOLJQHGUHVLGXHLQWKHEc'+)5VWUXFWXUH 3'%')5 ²DYDOLQHDWSRVLWLRQ²XVLQJ
WKH5RWDPHUVIXQFWLRQLQ&KLPHUD YHUVLRQ  )LJXUH :HXVHGWKHWHUQDU\
FRPSOH[Ec '+)5 '+)51$'3IRODWH LQWKLVDQDO\VLVWRLQFOXGHSRVVLEOHVWHULFFODVKHV
EHWZHHQ95DQGIRODWHDQGDVWUXFWXUHZLWK Bs'+)5ERXQGZLWKIRODWHLVQRWDYDLODEOH
7KHWZRKLJKHVWSUREDELOLW\URWDPHUVIRUWKH95PXWDWLRQVGHWHUPLQHGE\WKH³'XQEUDFN
EDFNERQHGHSHQGHQWURWDPHUOLEUDU\´ZLWKLQWKH5RWDPHUVIXQFWLRQRI&KLPHUD YHUVLRQ
 ZHUHFKRVHQLQWKLVDQDO\VLV8VLQJWKH)LQG&ODVKHV&RQWDFWVWRROLQ&KLPHUD
YHUVLRQ WKHKLJKHVWSUREDELOLW\URWDPHUIRU95LVSUHGLFWHGWRVWHULFDOO\FODVKZLWK
PXOWLSOHQHDUE\UHVLGXHVLQFOXGLQJWKHDFWLYHVLWHUHVLGXH3KHDQGWKHIRODWHPROHFXOH
7KHVHSRVVLEOHVWHULFFODVKHVZLWKWKHVXEVWUDWHLQWKHDFWLYHVLWHFDQSRWHQWLDOO\H[SODLQWKH
REVHUYHGLQFUHDVHLQ.0IRUWKHBs'+)5,5YDULDQW7KHVHFRQGKLJKHVWSUREDELOLW\
URWDPHUGRHVQRWSUHGLFWWKHVDPHVWHULFFODVKHVZLWKWKHIRODWHPROHFXOHKRZHYHUFODVKHVDUH
VWLOOSUHGLFWHGEHWZHHQWKH3KHDQGWKH95VLGHFKDLQ0XWDWLRQDOVWXGLHVRIHs'+)5DW
WKH3KHUHVLGXH 3KHLQBs'+)5 KDYHLPSOLFDWHGWKHUHVLGXHDVDOLJDQGVHOHFWLYLW\
GHWHUPLQDQWDVLWIRUPVLPSRUWDQWFRQWDFWVZLWKPHWKRWUH[DWHDQG'+)7KHUHIRUHD
PXWDWLRQWKDWFDQSRWHQWLDOO\DOWHUWKHSRVLWLRQRI3KH Bs'+)5QXPEHULQJ ZLWKLQWKH
DFWLYHVLWHPD\UHVXOWLQWKHREVHUYHGGHFUHDVHLQVXEVWUDWHDIILQLW\YLDDGRPLQRHIIHFW$VLGH
IURPWKH,5PXWDWLRQWKHUHODWLYHO\VPDOOFKDQJHVLQkFDWDQG.0YDOXHVLPSO\WKDWWKHVH
PXWDWLRQVGLGQRWFDXVHPDMRUVWUXFWXUDOFKDQJHVWKDWGHYLDWHIURPWKHW\SLFDO'+)5VWUXFWXUH








)LJXUH $ 7KH95PXWDWLRQZDVPRGHOHGLQWRWKHEc'+)51$'3IRODWHVWUXFWXUH
3'%')5 XVLQJWKH5RWDPHUWRROLQ&KLPHUD YHUVLRQ DQGFKRRVLQJWKHKLJKHVW
SUREDELOLW\URWRPHU3UHGLFWHGVWHULFFODVKHVDUHLQGLFDWHGE\UHGOLQHVGHWHUPLQHGXVLQJWKH
)LQG&ODVKHV&RQWDFWVWRRO$WRPVDIIHFWHGE\FODVKHVZLWK$UJDUHFRORUHGEODFN % 7KH
95PXWDWLRQPRGHOHGLQWRWKHEc'+)51$'3IRODWHVWUXFWXUH 3'%')5 XVLQJWKH
5RWDPHUWRROLQ&KLPHUD YHUVLRQ DQGFKRRVLQJWKHVHFRQGKLJKHVWSUREDELOLW\
URWRPHU3UHGLFWHGVWHULFFODVKHVDUHLQGLFDWHGE\UHGOLQHVGHWHUPLQHGXVLQJWKH)LQG
&ODVKHV&RQWDFWVWRRO$WRPVDIIHFWHGE\FODVKHVZLWK$UJDUHFRORUHGEODFN

'LVVRFLDWLRQFRQVWDQWV .' RIDOORVWHULFFOXVWHUYDULDQWVDQGWZRDQWLIRODWHV
7RLQYHVWLJDWHWKHHIIHFWRIDPLQRDFLGUHSODFHPHQWVLQDOORVWHULFFOXVWHURQLQKLELWRUELQGLQJ
DQGVHOHFWLYLW\ZHPHDVXUHGGLVVRFLDWLRQFRQVWDQWV .' RIWKHBs'+)5YDULDQWVIRUWZR
FRPPRQDQWLIRODWHVWULPHWKRSULP 703 DQGS\ULPHWKDPLQH 3<5 E\LQWULQVLFWU\SWRSKDQ
IOXRUHVFHQFH7KHSK\VLRORJLFDOFRIDFWRU1$'3+ZDVLQFOXGHGLQWKHDVVD\VDWȝ0
EHFDXVHLWLVSUHVHQWLQWKHFHOOXODUHQYLURQPHQW,QFOXGLQJLWLQWKHDVVD\VHQVXUHGWKDWWKH.'



YDOXHVPHDVXUHGZHUHUHOHYDQWWRSK\VLRORJLFDOFRQGLWLRQV([FHVV1$'3+LQWKHDVVD\
VROXWLRQLQWHUIHUHGZLWKRXUDELOLW\WRPHDVXUHWU\SWRSKDQIOXRUHVFHQFHDWQPEHFDXVH
1$'3+DEVRUEVDWQP:HWKHUHIRUHH[FLWHGWKHWU\SWRSKDQUHVLGXHVDWQPZKLFK
HPLWWHGUDGLDWLRQDWQPH[FLWLQJWKH1$'3+PROHFXOHVZKLFKHPLWWHGUDGLDWLRQDW
QPDVZDVGRQHSUHYLRXVO\:HPHDVXUHGHPLVVLRQLQWHQVLW\RI1$'3+DWQPDQG
FRUUHFWHGWKHVLJQDOIRULQQHUILOWHUHIIHFWVDVGHVFULEHGSUHYLRXVO\:HDGDSWHGWKHLQWULQVLF
WU\SWRSKDQIOXRUHVFHQFHH[SHULPHQWWRD6\QHUJ\+PLFURSODWHUHDGHUWRLPSURYHWKURXJKSXW
LPSURYHPHQWFRPSDUHGWRWKHRULJLQDODVVD\SHUIRUPHGLQDFXYHWWH$QDGGLWLRQDODGYDQWDJH
RIWKLVDSSURDFKLVWKDWWKHHPLVVLRQLQWHQVLW\YDOXHVIRUHDFKGUXJFRQFHQWUDWLRQDUHPHDVXUHG
VLPXOWDQHRXVO\UDWKHUWKDQVXEVHTXHQWO\DOORZLQJIRUDORQJHULQFXEDWLRQWLPH PLQXWHVRU
ORQJHU DQGIRUHTXLOLEULXPEHWZHHQLQKLELWRUDQGHQ]\PHWRHVWDEOLVKEHIRUHPHDVXUHPHQW,W
LVLPSRUWDQWIRUHTXLOLEULXPWREHUHDFKHGZKHQFDSWXULQJWKHIOXRUHVFHQFHVLJQDOVRWKDWWKH
.'LVQRWXQGHURURYHUHVWLPDWHG

3.5.1. Impact of amino acid replacements in allosteric cluster 1 on TMP and PYR binding
.'YDOXHVRIWKHZLOGW\SHBs'+)5ZHUHGHWHUPLQHGWREHQ0IRUWULPHWKRSULPDQG
Q0IRUS\ULPHWKDPLQH 7DEOH :HREVHUYHGVLJQLILFDQWFKDQJHVLQWKH.'IRU703
IRUWZRBs'+)5VYDULDQWV,1DQG,5:KHQFRPSDUHGWRWKHZLOGW\SHHQ]\PH703
.'VIRU,1 Q0 DQG,5 Q0 YDULDQWVLQFUHDVHGDQG±IROG
UHVSHFWLYHO\ t   pDQGt   p  6XFKLQFUHDVHVLQ.'VZHUHQRW
REVHUYHGIRU3<5IRUWKHVHYDULDQWV'HFUHDVHGDIILQLW\IRU703DQGDUHODWLYHO\VLPLODU
DIILQLW\IRU3<5UHVXOWHGLQVLJQLILFDQWSUHIHUHQFHVIRU3<5RYHU703ELQGLQJIRUWKHVH
YDULDQWV 6HH 3.5.2 Impacts of amino acid replacements of allosteric cluster 1 on inhibitor




selectivity $GGLWLRQDOFKDQJHVZKLOHQRWVWDWLVWLFDOO\VLJQLILFDQWLQERWK703DQG3<5.'
YDOXHVZHUHREVHUYHGIRUWKHRWKHUVHYHQBs '+)5VYDULDQWV +4+7+9$,
$5$<DQG,$ 7KHVHHIIHFWVUDQJHGIURPD±IROGUHGXFWLRQ +4 WRD±
IROGLQFUHDVH ,$ LQ703.'YDOXHVDQGIURPD±IROGUHGXFWLRQ +9 WR±IROG
LQFUHDVH +4DQG,5 LQ3<5.'YDOXHV2XUUHVXOWVVKRZ703ELQGLQJWREHPRUH
DIIHFWHGE\SHUWXUEDWLRQVDWDOORVWHULFFOXVWHUHVSHFLDOO\LQWKHFDVHRISRVLWLRQZKRVH
YDULDQWV ,$,1DQG,5 KDGWKHODUJHVWLQFUHDVHVLQ703.'RYHUDOO,QWHUHVWLQJO\
DOORVWHULFFOXVWHUDSSHDUVWRKDYHJUHDWHULQIOXHQFHRQ703ELQGLQJZLWKPLQLPDOHIIHFWVWR
3<5ELQGLQJ2QHSRVVLEOHH[SODQDWLRQIRUWKLVZRXOGVXJJHVWFKDQJHVLQFRQIRUPDWLRQDO
HTXLOLEULXPZKLFKPD\VWDELOL]HFRQIRUPDWLRQVWKDWELQGWR703OHVVWLJKWO\
7DEOH'HWHUPLQHG.'YDOXHVIRUWULPHWKRSULPDQGS\ULPHWKDPLQHIRUZLOGW\SHBs'+)5
DQGDOORVWHULFFOXVWHUPXWDQWV9DOXHVDUHWKHDYHUDJHRIWKUHHPHDVXUHPHQWVXQOHVVRWKHUZLVH
QRWHGLQSDUHQWKHVLV.'YDOXHVDVFRQFHQWUDWLRQLQQ0DQGVWDQGDUGHUURUDUHUHSRUWHG
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)LJXUH%DUFKDUWUHSUHVHQWDWLRQRI.'YDOXHVIRUWULPHWKRSULP ZKLWHEDUV DQG
S\ULPHWKDPLQH JUH\EDUV RIBs'+)5ZLOGW\SHDQGDOORVWHULFFOXVWHUPXWDQWV(UURUEDUV
DFFRPSDQ\LQJ.'YDOXHVUHSUHVHQWWKHVWDQGDUGHUURURIWKHPHDVXUHPHQW%DUVRYHUBs'+)5
YDULDQWLQGLFDWHDVLJQLILFDQWGLIIHUHQFHEHWZHHQ703DQG3<5.'YDOXHVIRUWKDWPXWDQW
%DUVWKDWVSDQRYHUPXOWLSOHYDULDQWVRIWKHVDPHUHVLGXHSRVLWLRQLQGLFDWHVLJQLILFDQW
GLIIHUHQFHEHWZHHQ703DQG3<5.'YDOXHVIRUWKHHQWLUHSRVLWLRQ S S
S







3.5.2 Impacts of amino acid replacements of allosteric cluster 1 on inhibitor selectivity
:HIRXQGQRVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHEHWZHHQ Bs'+)5.' 703  Q0 
DQG Bs'+)5.' 3<5  Q0 YDOXHVLQGLFDWLQJWKDWWKHZLOGW\SHHQ]\PHGRHVQRW
VHOHFWLYHO\ELQGRQHRIWKHWZRLQKLELWRUV 7DEOH 7KHGDWDLQ7DEOHVXJJHVWWKDWWKHUDWLRRI
.' 703 WR.' 3<5 ZKLFKZHKHUHGHILQHDVDPHDVXUHRIOLJDQGVSHFLILFLW\LVLQIOXHQFHG
E\DPLQRDFLGUHSODFHPHQWV$OWKRXJKPRVWYDULDQWVKDGQRWSURGXFHGVLJQLILFDQWO\GLIIHUHQW
.'YDOXHVIURPWKHZLOGW\SH'+)5WKHFRQFRPLWDQWGHFUHDVHRIRQHLQKLELWRUDIILQLW\DQG
LQFUHDVHLQWKHRWKHUUHVXOWHGLQDVLJQLILFDQWLQKLELWRUVHOHFWLYLW\DPRQJWKHVHYDULDQWV2XWRI
QLQHDOORVWHULFBs '+)5YDULDQWVVWXGLHGKHUHZHIRXQGILYHYDULDQWV +4+7$<
,1DQG,5 WKDWVKRZDVLJQLILFDQWSUHIHUHQFHIRURQHOLJDQGRYHUWKHRWKHU S 7KH
+7,1DQG,5PXWDWLRQVUHVXOWHGLQWKHODUJHVWVHOHFWLYLW\IRU3<5RYHU703
VKRZLQJDQGIROGVHOHFWLYLW\IRU3<5RYHU703 +7t   p 
,1t   p ,5t   p  7KH$<YDULDQWDOVRVKRZHG
KLJKO\VLJQLILFDQWVHOHFWLYLW\IRU3<5RYHU703 IROG  $<t   p  ,Q
WRWDOIRXUDOORVWHULFYDULDQWV +7$<,1DQG,5 ZHUHIRXQGWREHVHOHFWLYHIRU
3<5KRZHYHURQHYDULDQW +4 ERXQG703PRUHWLJKWO\WKDQ3<5 +4t   p 
 7KHZLOGW\SHUHVLGXH+LVSRLQWVRXWZDUGWRZDUGVWKHVROYHQWDQGLVZLWKLQK\GURJHQ
ERQGLQJGLVWDQFHRIWKH$VSVLGHFKDLQ,WLVSRVVLEOHWKDWDQLQWHUDFWLRQRUODFNWKHUHRI
EHWZHHQ$VSDQGWKHSRVLWLRQVLGHFKDLQWKDWLQIOXHQFHVLQKLELWRUVHOHFWLYLW\
3.5.3 Dependencies of allosteric perturbations on inhibitor selectivity
$WVRPHUHVLGXHSRVLWLRQVZHQRWLFHGWKDWWKHFKDQJHLQVHOHFWLYLW\XSRQDPLQRDFLG
UHSODFHPHQWGLGQRWDSSHDUWRGHSHQGRQWKHLGHQWLW\RIWKHVLGHFKDLQWKDWZDVLQWURGXFHG)RU
H[DPSOHWKHWKUHHPXWDWLRQVZHPDGHDWSRVLWLRQ $,$5DQG$< DOOUHVXOWHGLQ




SUHIHUHQFHVIRU3<5ELQGLQJRYHU703$VLPLODUWUHQGLQLQKLELWRUVHOHFWLYLW\ZDVDOVR
REVHUYHGIRUSRVLWLRQBs'+)5YDULDQWV,$,1DQG,5DOOH[KLELWVHOHFWLYLW\IRU
3<5RYHU703ZLWKWKHLU.' 703 .' 3<5 UDWLRVEHLQJPXFKJUHDWHUWKDQWKHZLOGW\SH
UDWLRRI3UHIHUHQFHVIRU3<5REVHUYHGLQUHVSRQVHWRSHUWXUEDWLRQVDWVSHFLILFUHVLGXH
SRVLWLRQV DQG VXJJHVWWKDWWKHVHVLWHVDUHOLJDQGVSHFLILFLW\GHWHUPLQDQWVDVZDV
SUHYLRXVO\SUHGLFWHG
$WSRVLWLRQDODUJHUGHFUHDVHLQ703DIILQLW\ZDVREVHUYHGIRUWKH,1DQG,5
YDULDQWVFRPSDUHGWRWKH,$PXWDWLRQ7KLVLVUHDVRQDEOHLIZHFRQVLGHUWKDWWKLVSRVLWLRQ¶V
VLGHFKDLQSRLQWVWRZDUGVWKHELQGLQJVLWHDQGFRXOGFODVKZLWKUHVLGXHVRIWKHDFWLYHVLWHWKDW
GLUHFWO\LQWHUDFWZLWKWKHLQKLELWRUVXFKDV3KH:KHUHWKHODUJHU,VLGHFKDLQYDULDQWV
VWHULFDOO\FODVKZLWKWKHZLOGW\SHSRVLWLRQLQJRI3KHDQGFDXVH3KHWRSRVLWLRQLQDZD\
WKDWZRXOGLPSDFW703DQG3<5ELQGLQJ,QWKHMycobacterium tuberculosis Mt WHUQDU\
FRPSOH[HVZLWK703 3'%'* DQG3<5 3'%11, ERXQG3KH WKHVDPH
UHVLGXHDV3KHLQBs '+)5 DOLJQVZHOOLQERWKVWUXFWXUHV )LJXUH 7KLVZRXOGVXJJHVW
WKDWWKH,1DQG,5YDULDQWVZRXOGKDYHVLPLODULQFUHDVHVLQ3<5DVREVHUYHGLQ703
ELQGLQJ+RZHYHU3<5DOVRLQWHUDFWVZLWK1$'3+YLDYDQGHU:DDOVIRUFHVZKLOH703GRHV
QRW:HFDQK\SRWKHVL]HWKDWWKHDV\PPHWULFHIIHFWRQ703DQG3<5ELQGLQJRFFXUVE\D
GRPLQRHIIHFWDVGHVFULEHGDERYHEXWWKDWWKLVPLJKWEHRXWZHLJKHGE\WKHLQWHUDFWLRQ3<5
KDVZLWK1$'3+7KHVLPLODUGHFUHDVHLQ703DIILQLW\IRUERWKWKHFKDUJHG,5YDULDQW
DQGQHXWUDO,1YDULDQWDOVRVXJJHVWVWKDWFKDUJHGRHVQRWLQIOXHQFHLQKLELWRUVHOHFWLYLW\DW
WKLVSRVLWLRQ:KLOHWKHDODQLQHPXWDWLRQLQWURGXFHGLQWKLVSRVLWLRQLVVPDOOHUWKDQWKHQDWLYH
LVROHXFLQHUHVLGXHWKHPRGHUDWHLQFUHDVHLQ703DIILQLW\FRXOGEHGXHWRGLVUXSWLQJSRWHQWLDO
YDQGHU:DDOVLQWHUDFWLRQVZLWKQHLJKERULQJ0HW/HXDQG,OHLQWKHBsVWUXFWXUH






)LJXUH6WUXFWXUHVRIWKHMycobacterium tuberculosis Mt '+)5ZLWK1$'3+DQGHLWKHU
703 3'%'* RU3<5 3'%11, ERXQG7KHWZRVWUXFWXUHVZHUHDOLJQHGXVLQJ
WKH³0DWFK0DNHU´WRROLQ&KLPHUD YHUVLRQ 

7KHHIIHFWVRISHUWXUEDWLRQVDWSRVLWLRQDSSHDUWRGHSHQGRQWKHDPLQRDFLG
VXEVWLWXWLRQ7KLVLVGHPRQVWUDWHGE\WKH+7YDULDQWSUHIHUULQJ3<5ELQGLQJ .' 703 .'
3<5

 ZKLOHWKH+4YDULDQWSUHIHUV703 .' 703 .' 3<5  7KHDPLQRDFLG

VLGHFKDLQGHSHQGHQFHLVIXUWKHUH[HPSOLILHGE\WKH+9YDULDQWZKRVHSUHIHUHQFHIRU703
ZDVLQVLJQLILFDQW .' 703 .' 3<5  EXWUHGXFWLRQVLQERWK703DQG3<5.'VZHUH
DOVRREVHUYHG$GPLWWHGO\WKLVDQDO\VLVLVOLPLWHGWRWKHVDPSOHVL]HRIPXWDWLRQVJHQHUDWHG
DQGLWLVGLIILFXOWWRH[WUDSRODWHWKHVHREVHUYDWLRQVWRWKRVHWKDWGHVFULEHWKHIXOOQDWXUHRIWKHVH
DOORVWHULFSRVLWLRQV7KLVLVHVSHFLDOO\WKHFDVHIRUSRVLWLRQZKLFKGRHVQRWVKRZDSDUWLFXODU
WUHQGLQLQKLELWRUVHOHFWLYLW\LQWKHYDULDQWVZHKDYHJHQHUDWHG)XUWKHUFKDUDFWHUL]DWLRQRIWKLV




SRVLWLRQDQGDOORVWHULFFOXVWHUZRXOGUHTXLUHDODUJHUVDPSOHVL]HWKDWLQFOXGHVDFRPSOHWHDUUD\
RIVLGHFKDLQFKHPLVWULHV HJVL]HVFKDUJHSRODULW\ &XUUHQWO\RXUGDWDVXJJHVWVWKDW
SHUWXUEDWLRQVZLWKLQDOORVWHULFFOXVWHUKDYHDQHIIHFWRQOLJDQGVHOHFWLYLW\ t   p 
 7KHVHHIIHFWVDSSHDUWREHQXDQFHGIRUHDFKSRVLWLRQZKHUHDSRVLWLRQPD\EHDPLQR
DFLGVLGHFKDLQGHSHQGHQW SRVLWLRQ UHVLGXHSRVLWLRQGHSHQGHQW SRVLWLRQ RUD
FRPELQDWLRQRIWKHWZRGHSHQGHQFLHV SRVLWLRQ 




Possible mechanisms by which allosteric cluster 1 mutations can impact ligand selectivity of
BsDHFR. 
2YHUDOOPXWDWLRQVPDGHLQDOORVWHULFFOXVWHUFDXVHGDVKLIWLQLQKLELWRUVHOHFWLYLW\WRZDUGV
3<5ELQGLQJ t   p  7KHHIIHFWVRISHUWXUEDWLRQVLQDOORVWHULFFOXVWHU
DSSHDUWREHGUXJVSHFLILFWKDWLV703DIILQLW\ZDVLPSDFWHGWRDJUHDWHUH[WHQWWKDQ3<5
DIILQLW\:LWKWKHHPHUJHQFHRI703UHVLVWDQWSDWKRJHQLFRUJDQLVPVQXPHURXVVWXGLHVKDYH
LQYHVWLJDWHGWKH703UHVLVWDQFHPHFKDQLVPDVLWUHODWHVWR'+)5PXWDWLRQV
1RWDEOHILQGLQJVLQFOXGHWKH3KH7\UVWUDLQRIStaphylococcus aureusZKHUHDVLQJOHDPLQR
DFLGVXEVWLWXWLRQZKLFKLPSDUWV703UHVLVWDQFH7KHGLUHFWHGHYROXWLRQRIEscherichia coli
'+)5KDVDOVRUHYHDOHGSRVLWLRQVDQGWRLQIOXHQFH703UHVLVWDQFH
)LQDOO\FOLQLFDOVWUDLQVRIWULPHWKRSULPVXOIDPHWKR[D]ROHWUHDWPHQWUHVLVWDQWPneumocystis
jiroveciiKDYHEHHQVSHFXODWHGWRGXHWRPXWDWLRQVIRXQGZLWKLQWKH'+)5JHQHRIWKHVH
VWUDLQV7KHDIRUHPHQWLRQHGVWXGLHVLQFOXGHPRVWO\UHVLGXHVLQYROYHGLQ703ELQGLQJEXW
IDLOWRLPSOLFDWHWKHUHJLRQZHGHVFULEHKHUHDVDOORVWHULFFOXVWHULQDQ\UHVLVWDQFHPHFKDQLVP
/LNHZLVHVWXGLHVRIHPHUJLQJ3<5UHVLVWDQFHLQSDUDVLWLFRUJDQLVPVVXFKDVPlasmodium
falciparum Pf DQGToxoplasma gondii Tg IRXQGWKDWPXWDWLRQVZLWKLQWKHDFWLYHVLWHWKDW




UHGXFH3<5DIILQLW\E\HLWKHUZLGHQLQJRUEORFNLQJWKHVLWH%HFDXVHUHVLGXHVLQWKHDOORVWHULF
FOXVWHUGRQRWKDYHLQWHUDFWLRQVZLWKLQWKHDFWLYHVLWHZHVSHFXODWHGWKDWWKLVVLWHDFWVDVDQ
DOORVWHULFGHWHUPLQDQWLQLQKLELWRUVHOHFWLYLW\7KHUHIRUHVRPHSULQFLSOHVEHKLQGDOORVWHULF
UHJXODWLRQFRXOGSRWHQWLDOO\H[SODLQWKHREVHUYHG703UHVLVWDQFHSDWWHUQ
(Q]\PHVDUHNQRZQWRH[LVWLQDG\QDPLFHTXLOLEULXPRIFRQIRUPDWLRQVZKRVHFRQIRUPHUV
KDYHLQQDWHFDWDO\WLFFKDUDFWHULVWLFVDQGOLJDQGELQGLQJDIILQLWLHV6WXGLHVRI'+)5DQG
PHWKRWUH[DWH 07; ELQGLQJKDYHVKRZQWKDW07;FDQELQGWRDWOHDVWWZRFRQIRUPDWLRQVRI
Ec'+)5DQGBs'+)5)RUWKHBs '+)5LQSDUWLFXODUD±IROGGHFUHDVHLQkRQZDV
REVHUYHGIRUDVHFRQGDU\FRQIRUPHUELQGLQJWR07;5HFHQWZRUNKDVVKRZQWKDWPDQ\
HQ]\PHVH[LVWLQDYDULHW\RIFRQIRUPHUVLQVWDWLVWLFDOO\GLVWLQFWSRSXODWLRQVDWHTXLOLEULXP
0XWDWLRQVLQWURGXFHGDWDOORVWHULFSRVLWLRQVFDQDIIHFWOLJDQGVHOHFWLYLW\E\GLVUXSWLQJWKLV
G\QDPLFHTXLOLEULXPYLDHQWKDOSLFRUHQWURSLFFRQWULEXWLRQVWRWKHIUHHHQHUJ\RIFHUWDLQ
SRSXODWLRQVRIFRQIRUPDWLRQDV\PPHWULFDOO\)RUH[DPSOHZKLOHQRWDIIHFWLQJDGLUHFW
LQWHUDFWLRQZLWKWKHOLJDQGRILQWHUHVWDPXWDWLRQPD\VWDELOL]HDQHQ]\PHFRQIRUPDWLRQWKDW
ELQGVDOLJDQGZHDNO\RUDOWHUQDWLYHO\GHVWDELOL]HDFRQIRUPDWLRQWKDWKDVKLJKDIILQLW\IRUWKH
OLJDQGUHVXOWLQJLQDVKLIWRUUHGLVWULEXWLRQRIQDWLYHSURWHLQFRQIRUPDWLRQV,IWKHSRSXODWLRQV
RIFRQIRUPHUVWKDWKDYHORZHUDIILQLWLHVWRDOLJDQGLQFUHDVHUHODWLYHWRRWKHUFRQIRUPHUVWKH
DYHUDJHFRQIRUPHUDFURVVDOOFRQIRUPDWLRQDOVWDWHVZLOOKDYHDORZHUELQGLQJDIILQLW\ZKLFK
FDQEHREVHUYHGDVDQLQFUHDVHLQ.'+\GURJHQGHXWHULXPH[FKDQJHH[SHULPHQWVKDYHVKRZQ
WKDWPRYHPHQWVRIWKHȕ&±VWUDQGDUHUHODWHGWRWKHSUHRUJDQL]DWLRQSURFHVVZKHUHWKH
HQ]\PHVDPSOHVFRQIRUPDWLRQDOVXEVWDWHVEHIRUHK\GULGHWUDQVIHUDQGZHVSHFXODWHWR
LQKLELWRUELQGLQJ7KHUHIRUHDSRVVLEOHH[SODQDWLRQIRUWKHUHSRUWHGGDWDFRXOGEHWKDWFOXVWHU
PXWDWLRQVSHUWXUEWKHSUHRUJDQL]DWLRQSURFHVVE\DOWHULQJDPLQRDFLGQHWZRUNV,QRWKHU





ZRUGVDOORVWHULFFOXVWHUPXWDWLRQVFRXOGFDXVHDVKLIWLQWKHSURSRUWLRQRIFRQIRUPHUVWKDW
KDYHGLIIHUHQW3<5DQG703ELQGLQJDIILQLWLHV

6XPPDU\
,QVXPPDU\ZHJHQHUDWHGHOHYHQBs'+)5YDULDQWVWKDWLQWHUURJDWHDPLQRDFLGUHVLGXHV
ZLWKLQDQGGLVWDOWRWKHDFWLYHVLWHWRVWXG\FDWDO\VLVDQGDOORVWHU\LQBs'+)52XUUHVXOWV
LQGLFDWHWKDWDFWLYHVLWHUHVLGXH$VSLVFULWLFDOIRUBs'+)5DFWLYLW\ZKLFKFRQIRUPVWR
SUHYLRXVO\IRXQGUHVXOWVLQWKHEc'+)57KH0HWORRSLVDOVRFDWDO\WLFDOO\UHOHYDQWLQWKH
Bs '+)5QRWHGE\WKHIROGUHGXFWLRQLQDFWLYLW\IRUWKH5'PXWDWLRQVWXGLHGLQWKLV
ZRUN7KLVUHVLGXHKDVQRWSUHYLRXVO\EHHQVWXGLHGSUHVXPDEO\DVLWGRHVQRWPDNHFRQWDFWV
ZLWKWKH1$'3+FRIDFWRUKRZHYHU$UJPD\SOD\DUROHLQ0HWORRSG\QDPLFVIRUWKHBs
'+)57KH.'DQDO\VLVRIDOORVWHULFFOXVWHULQGLFDWHVWKDWYDULDQWVZLWKVPDOOFKDQJHVLQkFDW
DQG.0YDOXHVFRXOGKDYHVLJQLILFDQWHIIHFWVRQOLJDQGDIILQLW\DQGOLJDQGVHOHFWLYLW\
SDUWLFXODUO\LQIOXHQFLQJ703ELQGLQJ:HIRXQGWKDWWKHVHHIIHFWVFDQEHVLGHFKDLQ
LQGHSHQGHQWDWFHUWDLQUHVLGXHSRVLWLRQV  EXWDOVREHVLGHFKDLQGHSHQGHQWDWRWKHU
SRVLWLRQV DQG 7KHVHREVHUYDWLRQVDUHLQWHUHVWLQJEHFDXVHWKHVHUHVLGXHVGRQRWGLUHFWO\
LQWHUDFWZLWKOLJDQGVLQWKHELQGLQJVLWH\HWWKH\DUHLQYROYHGLQLQKLELWRUVHOHFWLYLW\,WLV
SRVVLEOHWKDWWKLVUHJLRQDIIHFWVOLJDQGVHOHFWLYLW\E\SHUWXUELQJWKHSUHRUJDQL]DWLRQSURFHVV
ZKHUHWKHHQ]\PHVDPSOHVPXOWLSOHFRQIRUPDWLRQVLQSUHSDUDWLRQWROLJDQGELQGLQJDQG
FDWDO\VLV)XUWKHUXQGHUVWDQGLQJRIDOORVWHULFUHJLRQVWKDWGLFWDWHWKHVHTXDOLWLHVKDV
LPSOLFDWLRQVIRUWKHGLVFRYHU\RIQRYHOWKHUDSHXWLFDOORVWHULFFRPSRXQGVDQGIRUSURWHLQ
HQJLQHHULQJ






6XSSOHPHQWDOPHWKRGV
Constitutive CAT promotor construct
7KHS(7DSODVPLGFRQWDLQLQJBs '+)5ZDVFXWXVLQJ%JO,,;ED,7KH&$7SURPRWHU
VHTXHQFHZDVWDNHQIURPWKH5HJLVWU\RI6WDQGDUG%LRORJLFDO3DUWVDQGPDQXIDFWXUHGE\
,QWHJUDWHG'1$7HFKQRORJLHV,QFDQGLQFOXGHVWKHDSSURSULDWHUHVWULFWLRQHQ]\PHVLWHV &$7
3URPRWHU)RUZDUG¶JDWFJJFDFJWDDJDJJWWFFDDFWWWFDFFDWDDWJDDDFD¶  &$73URPRWHU
5HYHUVH¶FWDJWJWWWFDWWDWJJWJDDDJWWJJDDFFWFWWDFJWJFF±¶



7KH&$7SURPRWRUZDVLQVHUWHG

LQWRWKH%JO,,;ED,FXWS(7D'+)5YHFWRUXVLQJDLQVHUWWRYHFWRUPRODUUDWLRDQGȝ/
RI7OLJDVHLQDȝ/UHDFWLRQYROXPH7KHOLJDVHUHDFWLRQZDVLQFXEDWHGRYHUQLJKWDW&
EHIRUHEHLQJXVHGIRUIXUWKHUDSSOLFDWLRQV

Liquid culture growth curves
7ZRLVRODWHGIRO$WUDQVIRUPDQWV IRO$ZLWKZLOGW\SHBs'+)5 XQGHUWKHFRQWURORIWKH
FRQVWLWXWLYH&$7SURPRWRUDQGWKHIRO$VWUDLQZHUHJURZQWRVDWXUDWLRQLQP//%ZLWK
JP/NDQDP\FLQJP/WK\PLGLQHDQGJP/DPSLFLOOLQIRUWKHWUDQVIRUPDQWV
)ROORZLQJJURZWKRYHUQLJKWWKHFXOWXUHVZHUHZDVKHGWKUHHWLPHVZLWK;PLQLPDOPHGLD$
J/ 1+ 62J/.+32J/.+32DQGJ/VRGLXPFLWUDWHZLWK
DGGLWLRQVRIJOXFRVHP0DUJLQLQHDQGP00J62 DQGUHVXVSHQGHGWRWKHVDPH
GHQVLW\DVGHWHUPLQHGE\DQ2'UHDGLQJ7KUHHLQGLYLGXDOIODVNVFRQWDLQLQJP/RI;
00$VXSSOHPHQWHGZLWKJP/NDQDP\FLQDQGJP/WK\PLGLQHZHUHLQRFXODWHGZLWK
P/RIWKHZDVKHGRYHUQLJKWFXOWXUHV7KHIODVNVZHUHLQFXEDWHGDW&ZLWKVKDNLQJDW




530IRUKRXUV2'UHDGLQJVZHUHWDNHQWKURXJKRXWWKHLQFXEDWLRQSHULRGDQGSORWWHGWR
FUHDWHWKHJURZWKFXUYH0HDVXUHPHQWVZHUHSHUIRUPHGLQWULSOLFDWH
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6XSSOHPHQWDO)LJXUH*URZWKGLIIHUHQWLDOH[SHULPHQW0+FHOOOLQH ¸ DQG
LQGLYLGXDOO\LVRODWHGFHOOOLQHVWKDWKDYHEHHQWUDQVIRUPHGZLWKZLOGW\SHBs DHFR ŶŸ 
&HOOVZHUHJURZQLQ;00$VROXWLRQVXSSOHPHQWHGZLWKJP/WK\PLGLQHDQG2'
UHDGLQJVZHUHWDNHQDWVHWWLPHSRLQWV(UURUEDUVUHSUHVHQWWKHVWDQGDUGGHYLDWLRQRIWKUHH
UHSOLFDWHH[SHULPHQWV
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